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Hadronic decay modes of the tau lepton play an important role in many searches for physics beyond the
Standard Model (SM) as well as in SM measurements at the Large Hadron Collider (LHC). However,
hadronic tau decays are difﬁcult to identify and trigger on, due to their resemblance to QCD jets. Given
the large production cross section of QCD processes, designing and operating a trigger system with the
capability to efﬁciently select hadronic tau decays, while maintaining the rate within the bandwidth
limits, is a difﬁcult challenge. This paper summarises the status and performance of the ATLAS tau
trigger system during the 2011 data taking period, and the upgrades put in place for the 2012 run.
& 2012 Elsevier B.V. All rights reserved.or
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The ATLAS experiment at the LHC has a large and diverse
program of searches for New Physics. Searches with tau leptons in
the ﬁnal state can signiﬁcantly improve their sensitivity when
hadronic decay modes are considered, as they comprise 65% of
the full tau decay width. In addition, some new physics models
predict larger couplings to heavier leptons, so tau leptons would
help signify new physics.
Reconstruction of hadronic modes of the tau allows for both clear
identiﬁcation of the taus and enhanced efﬁciency of tau reconstruc-
tion when used in combination with leptonic tau decay modes. A
typical hadronic tau decay contains one or three charged hadrons
(mostly pions), neutral hadrons, and a tau-neutrino (that escapes
detection). Quark and gluon originated jets from QCD processes are
an overwhelming background to hadronic taus. The distinguishing
features of hadronic tau jets are low track multiplicity and narrow-
ness. The relative narrowness of hadronic tau jets compared to QCD
jets is exploited by the algorithms in the ATLAS tau trigger, which
form isolation and shape variables to reject QCD background while
maintaining a high tau retention efﬁciency.L2 REM
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2. The ATLAS tau trigger
The ATLAS trigger [1,2] is designed to reduce the 40 MHz
nominal bunch crossing rate to a rate feasible for disk storage at
approximately 400 Hz, by identifying interesting events alongll rights reserved.three levels of increasing data analysis complexity. The hardware-
based level 1 (L1) identiﬁes the so-called Regions of Interest (RoI)
using coarse granularity information. The software-based level 2
(L2) analyses the RoIs using fast and specialised algorithms with
partial event read-out. At the event ﬁlter (EF) level, detailed
reconstruction is performed with algorithms similar to those
used in ofﬂine reconstruction.
The L1 tau trigger uses electromagnetic (EM) and hadronic (HAD)
calorimeter trigger towers with granularity DZ Df¼ 0:1 0:1. AtFig. 1. Distribution of REM at L2. The hatched histogram represents the combined
contributions from Z-tt, W-tn and Z0-tt signal Monte Carlo samples, while
the black points correspond to data [3].
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transverse energy (ET) sum in 22 clusters of EM and HAD towers
(seeded by high energy 21 pairs of EM towers), and possibly also
an upper threshold on the energy found in a 44 isolation ring
around the 22 core.
The L2 tau trigger calorimeter algorithm reﬁnes the position of the
RoI, and obtains the total ET and shower shape variables using full
detector granularity within a region DZ Df¼ 0:8 0:8. Fig. 1
compares the EM-radius (L2 energy-weighted radius of the shower
in the ﬁrst three layers of the EM calorimeter), REM, for signal taus
from simulation and QCD jets from data with dijet selection. This
variable provides good discrimination between signal and back-
ground and is used in L2 selection. Track reconstruction is ﬁrst
performed at L2, with fast algorithms. Track counting and track-based
isolation use tracks found in core and isolation regions of radii 0.1 and
0.3 respectively around the direction of the track with the highest
transverse momentum ðpTÞ. To avoid efﬁciency loss due to large
numbers of interactions per beam bunch crossing (pile-up) in 2012,
the size of the region used for the calculation of ET and other shower
shape variables was reduced to DZ Df¼ 0:4 0:4, and only tracks
consistent with the leading track ð9Dz09o2 mmÞ are used.
The EF tau trigger selects taus based on an ET threshold, a
minimum number of tracks associated to the candidate, and shape
variables based on track and calorimeter information, with high
discrimination power. Very good correlation with ofﬂine variables
is achieved. In 2011, the EF selection was based on simple selection
criteria. For 2012, similar changes to those mentioned for L2 were
implemented at EF to gain robustness against pile-up in the higher
instantaneous luminosity conditions: reduced region used to
calculate calorimeter variables, and a 9Dz09 requirement on tracks.
Also, multivariate (MV) techniques, similar to those used ofﬂine,
were implemented to identify taus at the EF, namely Boosted
Decision Trees (BDT), and Log-Likelihood (LLH).1.8 2.2 2.4 2.6 2.8 3 3.2 3.4
0
2
Inst. Luminosity [1033 cm-2 s-1]
Fig. 3. Trigger rates as a function of instantaneous luminosity measured by ATLAS
for selected combined tau triggers. The numbers in the name of each trigger chain
correspond to the ET or pT thresholds at EF. The data have been collected at a
center-of-mass energy of 8 TeV [3].3. Tau trigger performance: efﬁciency and rates
The tau trigger efﬁciency [4,5] is deﬁned as the probability that an
ofﬂine reconstructed and identiﬁed tau passes the corresponding
trigger requirements. Various methods using orthogonal triggeringE
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Fig. 2. Efﬁciency of the EF_tau16_loose trigger as a function of the pT of the ofﬂine tau
tau16_loose implies ET416 GeV and very loose selections on the shower shape vari
measurement [3,6].were developed to measure the efﬁciency in data. Fig. 2 shows the
efﬁciency for the EF_tau16_loose trigger chain measured in an
unbiased data sample of Z-tðmþnÞtðhadÞ candidate events selected
with a single muon trigger. The efﬁciency in data is compared to the
efﬁciency obtained using simulated Z-tðmþnÞtðhadÞ Monte Carlo
events.
The instantaneous luminosity of the LHC is constantly increas-
ing, and with it the trigger rates follow. To reduce rates and
improve the sensitivity of searches including hadronic taus, hadro-
nic tau triggers are combined with other signature triggers (e.g.
electron, muon) depending on the physics analysis. Fig. 3 shows
the EF output rate as a function of the instantaneous luminosity for
four selected trigger chains, where all scale linearly. Combined
triggers also help to keep the energy thresholds low, thus increas-
ing the signal acceptance.ATLAS Preliminary
dt L = 1.0 fb-1, 
Data
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candidate, measured in events collected by ATLAS during Summer 2011. The term
ables of an EF tau candidate. The analysis follows closely the Tau ID efﬁciency
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The ATLAS tau trigger has performed remarkably well over the
2011 LHC run, collecting data for analysis, monitoring and
calibration purposes. The efﬁciency of the trigger has been
analysed with tag-and-probe methods showing good agreement
between data and simulation at trigger level. Changes have been
implemented for the 2012 run in order to recover efﬁciency in
conditions where there are a large number of additional interac-
tions per beam bunch crossing, in very high luminosities.References
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